For sufficiently symmetric molecules without a permanent electric dipole moment, it is shown that refractive indices, Kerr constants and electrooptical absorption measurements in suitable non-polar solvents can be utilized to determine the components ccgx, agy, ag2 of the polarizability tensor of solute molecules in the electronic ground state. Since the required quantities are available for anthracene, tetracene, perylene and bianthryl, an evaluation of the polarizability tensor components is made possible.
For molecules with a permanent electric dipole moment the components oigx, OCgy and agz of the polarizability tensor (in the electronic ground state) parallel to its principal axes may generally be determined from refractive indices, Kerr constants and the degree of depolarization of scattered light 1 . To these three quantities correspond three independent equations which may be solved for the three components <XgX, cngy, and ag2. For molecules without a permanent electric dipole moment, these equations are no longer independent of one another, and therefore, an evaluation of ct.gx, 0Lgy and cngz is possible only if an additional and appropriate quantity is known. For this purpose refractive measurements on crystals 2 -3 or empirical estimations based on the measurements on substituted molecules 4 with a permanent electric dipole moment have been used. Alternatively, one could also obtain a suitable quantity from electrooptical absorption measurements, i.e., from the change of the optical absorption of molecules due to an applied electric field 5 . Electrooptical measurements for anthracene, tetracene, perylene and bianthryl have been recently carried out 6 . With the results from these measurements, supplemented by the experimental results from Kerr measurements and refractive and dielectric measurements by LE FE VRE et al. 4, 7 > 8 and by KUBALL and GÖB 9 , the components y.gx, y.gy, <xgz of the polarizability of these molecules in the electronic ground state have been estimated.
The components of the polarizabilities determined from experimental data are rather strongly depenReprint requests to Prof. Dr. W. LIPTAY, Institut für Physikalische Chemie der Universität Mainz, III. Ordinariat, D-6500 Mainz, Jakob-Welder-Weg 26. dent on the theoretical model used, as has been shown by KUBALL and GOB 3 ' 9 - 10 . Similar difficulties, which are essentially due to the difference of the magnitude of the external applied electric field and the local field acting on a molecule in a dense medium, occur also in the evaluation of data of electrooptical absorption measurements. For the joint evaluation of the results of dielectric and refractive measurements, of Kerr measurements and of electrooptical absorption measurements, all relations between the experimental quantities and the interesting molecular quantities have to be based on the same model. The model used in the following is based on the concepts introduced by ONSAGER 11 and modified by SCHÖLTE 12 . The evaluation of results of dielectric and refractive measurements has been described 13 and that of electrooptical absorption measurements also 6 . The relations for Kerr effect measurements, based on the Onsager-Scholte model but with neglect of fluctuation effects were developed by KUBALL and GOB 9 -14 ; they correspond, with minor modifications, to the following equations, when the fluctuation dependent terms are neglected.
I. Theory
The quantity K,
as well as the quantity B,
are usually called Kerr constant, where E& is the magnitude of the external applied electric field, no is the refractive index of the homogeneous and isotropic system for light with the wavenumber v in absence of an applied field, n<i and 713 are the refractive indices in presence of an applied electric field for linearly polarized light with the electric field vector perpendicular and parallel to the direction of the applied field, respectively.
A light wave causes an electric polarization Po of a medium; the components P02 and P03 perpendicular and parallel, respectively, to the applied electric field Ea are * Po<x = eo (Wa 2 -1) £aa = 2 N B <>0Ba>, (a = 2,3),
where Laa is a component of the external electric field vector of the light wave, £0 = 8.854 • 10 -12 J -1 C 2 m -1 is the permittivity of vacuum, Nb is the number density of molecules of the kind B, and </"oßa> is the average of a component of the electric dipole moment induced by the light wave in molecules of the kind B. For wavenumbers outside of the absorption range, hyperpolarizabilities may be neglected 14 » 15 ' 16 . Then, the induced dipole moment (Xo becomes,
where II is the tensor of the optical polarizability and LS is the effective field strength of the light wave. According to ONSAGER 11 the quantity LS may be represented as a sum of the cavity field Lh and of the reaction field LR :
where and LR = g fx0 (6)
The vectors LA2 and LA3 result from partitioning of the external field vector LA of the light wave into a vector LA2 perpendicular and a vector La3 parallel to the applied electric field Ea. The tensors g, ge2 and ge3 are defined in Eqs. (18) 
where
and where p,g is the permanent electric dipole moment and ag is the static polarizability of the molecule and k is the Boltzmann constant and T the temperature. The second term on the right-hand side of Eq. (10) takes into consideration the fluctuation of the reaction field 5 . The quantities fe, f, f', geo, gel, ge2 and g are second-order tensors. Usually it is assumed that the solvent can be represented by a homogeneous and isotropic dielectric where the solute molecules are localized in cavities with a definite shape. In the most simple approximation the shape of the cavities is assumed to be spherical; consequently, the tensor fe is reduced to a scalar where aw is the radius of the sphere (interaction radius). If the shape of the cavity is assumed to be ellipsoidal with axes 2 ax, 2 ay and 2 az, then the principal components of the tensors become 13 and 3 **(1-**)(«, -1)
The tensors geo> ge2 and ge3 are similar to fe, only ER has to be substituted by the square of the refractive indices WQ (for the wavenumber v of the incident light wave in absence of an applied field), n\ (in presence of an applied electric field perpendicular to the field vector of the light wave), and n\ (in presence of an applied electric field parallel to the field vector of the light wave), respectively. Hence
The tensors f' and g are related similarly to f:
where n is the refractive index of the solution for v -0 in absence of an applied field. It is assumed that the principal axes of all tensors coincide. This is necessarily true for sufficiently symmetric molecules and assures that all products of two or more tensors are commutative.
Equations (4) to (9) 
and where xb is the mole fraction of substance B, V=Vl^nB is the average molar volume of the mixture, and Na is the Avogadro constant.
For a solution of solute molecules (B = 2) in a solvent (B = 1) at sufficiently small mole fractions x2 the relative permittivities er, the squares nl of the refractive indices, the densities o as well as the differences n\ -n\ and the Kerr constants B and K are linear functions of the mole fractions x2 (and also of the weight fractions w2) of the solute molecules to a very good approximation, hence . / der \ . / de,
ers, n5s, Qs and Bs are the corresponding quantities of the pure solvent. Mi and M2 are the molar masses of solvent and solute molecules, respectively. The quantities {derldx2)X2^,0 etc. [or (derldw2)W2^0 etc.] may easily be determined, hence the further evaluation will advantageously be based on the limit x2 -> 0 1 . For a non-polar solvent [(//g)i = 0J and with the assumption of spherical cavities for the solvent molecules Eq. (22) yields for the limit x2->0:
where /is and <7is are the values of / and g for a solvent molecule in the pure solvent and agi and Ui are the average statical and optical polarizabilities of a solvent molecule, respectively (agi = tr otgi/3 , IJi = trIIi/3).
Similarly from Eq. (23) one obtains for the limit x2^0:
Under similar conditions the following equations hold 12 :
(30)
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where agA, /eA and g^O/i (A = x, y, z) are the components of the tensors ag, fe and geo, respectively, parallel to the principal axes of the molecule. The quantities /eA and geoa may be determined using Eq. (13) or Eq. (15) and Eq. (18) with the relative permittivity ers and the square n^s of the refractive index of the pure solvent. For Kerr measurements in solvents as aliphatic hydrocarbons, for example, the quantity Y' is negligible, then the Eqs. (44) to (47) may be solved for the components <xgx, ag2/ and ag2 of the polarizability. For Kerr measurements in other solvents the quantity Y' has to be estimated from independent measurements or with the help of Eq. (42), if this relation is appropriate. According to Eq. (47) agz (or generally the component of the polarizability parallel to the transition moment of the electronic band investigated by electrooptical absorption measurements) may be determined uniquely. The axes of the other two components must be chosen on basis of other arguments. In the case of planar aromatic molecules it may be assumed that the smallest component of the polarizability is perpendicular to the plane of the molecule. It should be mentioned, that for sufficiently symmetric molecules, where electrooptical absorption measurements could also be made on a further absorption band with a transition moment perpendicular to the transition moment of the other investigated absorption band, a unique determination of a second component of the polarizability would be possible. In such a case all components agA could be determined without using Kerr effect measurements.
II. Results
The data necessary for the determination of IF, X, Y and Z according to Eqs. (35) to (37) and (43) are available for the molecules anthracene (I), tetracene (II), perylene (III) and bianthryl (IV) and are collected in Table 1 . The molecules and the coordinate system used are given in the following figure. The values of (do/dw)w_o etc. are determined from cco _: ccoo published data using Eqs. (24) to (27) . The values of the interaction radii aw, needed for the calculation of / and /', and the ratios axjay\az, needed for the calculation of feA and geOA are chosen from our recent work 6 . The estimated value of rjs = 0.85^0.2 was used for all solvents 17 6 and also from the solvent dependence of spectra a maximal value of (EA)f =18 Table 2 . The reason is, that for these molecules the value of }' is rather small compared to the other values needed for the calculation of the components of the polarizability. Hence, in such cases, even a large error in The difference between the values of the components agA obtained with the assumption of ellipsoidal cavities and the values obtained on the basis of spherical cavities are never too large, however, they are significant. Incase of perylene there is even an exchange of the largest component resulting in the two models. Probably the most reliable data are those obtained with the assumption of ellipsoidal cavities.
Since the component of the polarizability parallel to the transition moment of the absorption band, investigated using electrooptical absorption measurements, is obtained uniquely, the relative values of the components y.gx, xgy and ag2 confirm that the transition moment of the first singlet-singlet transition of the molecules I-IV is parallel to the z-axis.
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